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(54) METHOD FOR ANALYZING ORGANIC 
ADDITIVE IN ELECTROPLATING BATH 

(57) Abstract: 

PURPOSE: To measure the quantities of a brightener 
and leveling agent in an electroplating bath by monitor- 
ing the change of the energy output corresponding to a 
plating process with time by utilizing the difference be- 
tween the bonding power between the brightener and 
a metal and that between the level and the metal. 

CONSTITUTION: Discoid working electrode 1 and 
counter electrode 2 having small diameters are ar- 
ranged closely to each other and dipped in an elec- 
troplating bath 4 together with a reference electrode 
3. The working electrode 1 which brings a current into 
contact with a sliding brush is rotated by means of a 
motor 5 and an electronic potentiostat 7 for adjusting 
energy input between the electrodes 1 and 3 is con- 
trolled by means of a computer 6. After the electrode 1 
is cleaned by making a constant current to flow through 
the electrode 1 or chemically treating the electrode 1, 
a copper thin film is plated by putting a disc in an elec- 
troplating bath. Then the current is disconnected and 
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a brightener is absorbed until a balancing potential is 
stabilized. When electroplating is started in the next 
stage, the initial potential at the starting time becomes 
the scale of the brightener and, when the plating is 
continued and the potential-time curve is plotted, the 
gradient of the curve indicates the brightener/ leveling 
agent ratio. 
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1 

H**a*©aa] 

a. 6*. #a»fcl>*U>^»*a*fcR»ttT?a& 

b . aea©&*«K:. aaatcaasxn, 

TaEaa#%aa**aTSJ:3lc. x*JWF-AA 
iii . «JW^y*x*^*-fflA*a!lJfe-r«©t-H^a 
TSaPti:. 

iv. amc*C&X*;l^-ffla©*fl:SH}rr.6©fc: 
+»JS:»HIKfit? T&JS-f *>©* y **aW-*ft»£ 

sat^aaa&nfc-aoaasfrK *n*E»-r 
*a»t> 

c . a»ll-el»6nfc«i3lHRa<!)fift*SCBMR^H- 

*aat, 

mi ©jtaeascaa^ttsRat. 

f . 3l^fcl/*y>#as*tta-catr*:y*»«* 

©ttJRatwsu >yasatiaescr?vvcBaaft 

*MR-r*a»tt*ttWE3&& 30 
-;UT?$>SS-R » -SS*atra*a 1 CiEa©#ft. 

mag si 11312 i^u>£W, r i a*7ji^;ux 

& 

^ da, aa. a. a, a. *.fsw. so 1 
tt^©»*>sa*y;p-^*>6aa*n*aaa i c 
aa©m 

maas] aeaaaa^y+ftaiRrrasM* « 
a i cEa©2rft. 

oram aeaaaaancai^-c&sa&a 
i izmmonm. 

ia*a7] aEaarcatf. a. =?^, 
fDA, ffisj, a. a. a. *hs>>a. bm*. 

y;w-^*>6W?sn*a«a6 cieao*a. 
[aaa 8 1 aaaaa^aatf, . aaai. 6 v car 
z$.-vsonsfv%.mvitTftt>nz>mxm i ce«©# 

ft. 50 
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2 

[M*a9] aEaaftaiwflmifcJ:«ft»fc*o 

^©a-fr>*CJ:-5^#CJ;S ! b©T?*5Wa«i C 
B«©:frft. 

[§t aa i o ] MEx^i^-AAjwuflrc* o . a 
Bx*ju*-fflA*t«a«ar**a«a i caa©* 

ntaai i] aex*;M?-x**«aa-p»o. a 
Ex*;^-ta*}0«affiT*5a*a i caa©*ft. 

caaa 1 2 ] a£?a&& &nfc-a©aa*», a 
BwwfcaaoataaaaifcaaaataaK^ y 
*-r«aa*afcatawe«i ca«©m 

iwaa 1 3 ] aa*a»a*no~3oo fj>©«sHrt© 
ancEoxi ~ioo asf ©aareftastt&nsaa 
jgti2ctea©#ft. 

nraa 1 4 ] acaaaa^ ~5oo v-f ? n-f > 
^©aai*3?afe5»aai2CEa©^rft. 

maa 1 5 ] ssEapgi i 1 aa. ooi ~6o#©«sart 
©aacEoTi-~ioo asf T?ff t>nzm$m i caa 
©^ft. 

caaai 6] aaaaivats #~io#©«sbi*i©i$ 
meson -iooasf -pff bnaaaa ucca©* 
ft. 

[aaa 1 7 ] &jstiM;< «> **§f©#2R3ij t w< u 
> ^©asaa-r * & » ©*aT? a t> t, 

a . a*. *r«ajaas«4r&i!Eafi-c^aa*©^y 

b . aE8©a*«c. awM»fc«a*A*i. 

ii. ¥«ftaa*aa-r*fc»cx^j^-x*sAjv 
xttc#*.sa»£, 

iii . aacai;fcx*;Mf-ai*ffl«flsj9«a^ica:* 
aTaBfWjweaaaiMrtN&Jcsic. x*jp=¥-a 
a&uc. aaaasTaflrraaat, 

iv. fflM^y*x*^*-ffl**a3rr*©c+»*a 

saat. 

v. amc*6t;fcx*;w*-ffl*©afl:£fflai-*©c 
+»aamcEoTaa-f*>©^y*a«H-*a»i 
*-g-tr : pJ6ft»enfc-a©api&fTV\ ^-n^Ea-r 
saat, 

c . aaii-casn&atjteaaoaaasfcaa^tt 
*a»t. 

d . a»iii Tr#5tifcat*aa©a*«Ec«a^ 

e . aaivcasnfeatjeaaoaaastaa^w 
saat« 

f . mmwnzniti&t wmn a ri^^u>^ 
»jj ©jt***EKarawit*R»fc. 

g. %i9H2:i/^ | j>^H€a»ft'vaa/94«aa 
t, aaaasaa+cAn. tsE^»ft»^nfc-a 
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(3) 

3 

h . mm . d . e . f c*itts*iB«i:w«*>&. * 

[MM 18] ttE%mH«(. b *»7***Xtt7 

. mra 19] WEw^u^yjB**, Ri **7;u*;u 

Xtt7'J-;UT*-5N- Ri -SS£^tfft#3il7(;:E«© 

[8J#3i 2 0 ] IMB&JMft* ? ft. T 

Jlr, & D A> Sft. ft. ft. ^FStfA. Rtf 
H^«0»*» 6 ft* ^-7** 6»ft*tt*ft*«17t: 
Eft©#&. 

HM0H2 1] ffle&ftftft*y*£#ift&'V&«lt 

Sl7fcE«©*i6. 

[■$92 3] ffift&MPifttf. £ft. ft. -vT 
;K d' DA, Mft. ft. ft. A. *F5tfA, \Zfv 20 
fc\ y7y>-A-)HX *ft. Si;XT>UXfH^6 

[»#K2 4] fflGftftftftlftP. «£E*»1.6 V ICS 
■T^*T80 ASF?^m»£-Cff*3n5^^Sl7tfa«©^ 

[»*52 5] fl9Em#teRfta<ft»K«i:*iSl:#<S:* 
©&©&<:*-># C «fc * ifc# fc«fc * *> ©T S * W#117 

CE«©m. 

• 8BX*;^-ffi*a*mSE$aT»3§3:£JB17CK*©# 30 

ft. 

[»M2 7] KBsWr-WUiWWrctD. It 
Ex*;i^F-aj*!Wttt"e**ll*9li7K:e«©*tt. 
[«*jb2 8] sft&-a©ai*8«. m 

* <y*-r*aPisMic^tj'tt*JSi7icE*©*fe 

[»^2 9] WE^K»g*nO~300 »©»5Hrt© 
^fffltcSoTl ~100 ASF ©«ff-e#^$#6tl5»* 
«28CE«©^j£. 40 

[|f:fcH3 0] fltlE&JzS8Jia < 5 -500 T-f^D-O 
^©«5fflrtT&£i»:&B28lcEm©m> 

[Bt#3I3 1] S3E»l£iij5<0.001 U>~10#©«SHl*3 
©«fmtSoT+0.01~ + 1.6 V -efTt)n5B#*«17{C 
E«©#ft. 

[|f*S3 2] WtaaptivAtO.OOl ~60g>©«5Hrt© 
ISWfcSoTl -100 ASF TfffcnSW*«17[CE«© 

m 

3 3 ] mtmm v #5 g>~io#©*6Bft ©^ 
isicioti -iooasf T?fTt)nsai*JSi7C8a«©^ so 



ftM¥5-8 0 0 2 8 

ft. 

[»#B3 4] 4JB«Sa^y*»*031HR?l!t i P'«U 
a . #*. W«*lD3B*«*agEttST^tr«»©^u/ 

b . MG£©&*fec. m&mwzmmzAti. 

n. i^mfcjsi;fcx*;^-fflA©S'fb*«a/hc&*s 

iii . ftiR$J©®JK£{E^*)£»©X*;i/*-A#£ 

iv. mm* i/*x^;^-m**an«T5©c+^«r 
*aft£. 

v. «pffltfsi;&x*j^-ffl*©^fli*ai£-r5©tc 

*&?£<>:. 

c . a«iirff6nfc«t*iFai©**«SK:M*cJtt 

*a«t, 

d . KPfiii Tft5nfcffli#Hft©fiSffiaKIW!W 

M-*aKt, 

e . RBiv-C#&ft&*£3KR»©«SfflHfcH*3tt 

f . B»v-e#sn&ft£ rjtRjBj # i>/sy>? 

T, tttBMfeWEJS+fcXn. *HET©ife»5nfc- 
5g©SPf£fr58Pi£. 

h . Wtm . d , e . f fci$tt-5l!t[E©fflSM^e>. 

[H#J13 5] ttBXVSMAt. fo tfW*-H,xa.7 
0-)V?&ZS- Ri -Sft«^tt$ft34K:1Eft©#ft. 

[»*«3 6] WE^'J>iOW«». Ri **7;U*J> 
XB7'J-JI/?<&*N- Ri -S£*-£tfill#S34K:E«© 
2rft. 

[ft*« 3 7 ] ttE&Mft jt s» ft. -y* 
;k ?da, mis, & », *H59A, Ri; 

fS>ufc*©?SA>6fS*^;i'-7 , A^a*?Sn*il*a34C 
E«©^ft. 

t^*^ 3 8 ] ll&E&Kmm;* y *JS3&t«§T?*41l 
*«34JCE«©*S. 

[IS*«3 9] ffiEttffi**£«Rffi£-£A,-CffcSW:# 
«34KE*©m 

[if «4 0] WE^RPIS^, S^, M. Xi/y 
;k ^DA, M». «l. «> A. rtFStfA, BA/ 
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5 

Sx^;U^-U*A^^fiT*5»^34tCiS«<D^ 
ft. 

[»3ftB4 4] W|2x^;^-A*^m»!Tfc?). S9 
sx^;^-ffl*^fir* ^^S34tctB«rom 

*^SKI®£Mlc£ttfg*3l34tceiS©m, 
[a»*^4 6] MiE&®?SJi!!>no~300 #©«shi*3© 
^KicSoTi ~ioo asf om&immi'Vbnzmx 

[iM4 7] . fiia^s*)i^5 ~50o v-f^nK> 

[»#« 4 8 ] WfBSPti i i m. 001 «J>~10#©i6H 

rt©^raci:^T+o.oi~+i.6 v -cfTt)n§w*«34 
cfeft©m 

[Sf*« 4 9 ] mzmrn v#o. 001 ~6og>©i8Bi*3© 

S#M!CScTl ~100 ASF t?fift)n5W*Jl34(CiE«W 
5 0 ] fflfBSPg v #5 #~10#©«SBft©fif 

WICSoTl ~100ASF Tftt>nzffi#m4\z&m<Dij 

ft. 

[^©iftBB&lKBJ] 
[0 0 0 1] 

[g3g±©?ijffl#ff] *%WimM*y*\zWt>t). m 

\zmzm%* v*®*<DG®miaw<Dftm<Djjm\z&t> 

[0 0 0 2] 

[«£*©&ffi] mm^^+K, ;* y*® *©£&©>£# 

mznoztv-ctz. ba>u ^sij j ?>u'<u>^?f!i 

[0 0 0 3] ®fUy*®*©iI©J;3fc&#£88fii5-r 
5fc®©*£&&fi5©#ft«. iiI8Hc<koTii££nfd£ 
S&flJicg^T. ®*©$#££8!WK£;!nrrs;i<tT 
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5 

t. &'/>ofcmmmz\*'j}frt>-?, s^i:j:otij, 

TM'PX\tMt\ltZ> £ 8saD$J^S#sfc 0 \Z± 

10 [0 0 0 4] *y*£©IBi5©;fc»©BiJ©ft*©;£ft 
TBoDe Patternj Ui&Ttt. WflcfcHHKfcff Snfctt* 

gwy+sn. -?-©&-?. *©flmfc»o&ffrta<» 
[0005] #Ji:/u>hfii8«©fiii»::*5tt* rx;v 

ffiiSS (Al!«(C(i^fS©100^^©100(100ppiii) 

nxv>-5. una, ti&&«ui<!>Hic£i;«ftftftctt 

^;P-*-;K*5©*fW»©aiEia:Ji?$-t-t©U^U >^ 

awe***, *<T#5-&*rtwtrat£i;*. »i» 

Bone Patterntt»tft*ttll*ff5Ci:*^ *ftHW©« 

[0 0 0 6] m*y*lS®A)tftinr*'«&»<!>XK 
40 gifi©#ft«. Tench ©#Bftif £4, 132, 605-*f (EAT 
Ttt (tench fcHFJ tlS*) CM^StlTV>*. ^©Te 
nch^fFffl3&ffiT«. ^>7i< tt> 2 ^©gifcl©* 

-4M2)V£mzM?T7E&2nz. ^JSXhUyfcf> 
^«H©MCffiffl*n.5«t»«8SXttfcf-i'«ii8tt. WL 

»©as©js©i6Hiffii:cM^tsn*. *»©■& 

!g©?S©*-C^«£ X h 'J y tf >^fS©!Cffiffl$n* 
50 B#*«Xttfc!-*«S*», ^©IBSKl^titKSn. 
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7 

;i^#cs-3 17 r -> a >^ggir .fc-^ Tutsan 

[0 0 0 7] Tench fC^Snt^ffitCjtfrs&g 
A*. J. Electrochem. Soc. , " Electrochemical Scienc 
e and Technology ", April, 1985. pp. 831-834 
TTTtt TTench ffifigtlJ iCfe^TTench <hWhit 

e t<fcoTltt?qsnTV^. JI©Tench ffl)S^CJ;n 

ftoT^&J©#&r£0jtf*. £©Tench 

0Strb5» &JI;<y*<!:&JgXhUytf>y.h?g*§Ht; 

m&m zmft-vrnt vjmtt.ftmzm&-? z z. t z^ts a 

teSrffiffl-fSrt^^UTV^. m>&*.tl«, Tenc 
h 1$flF(0^[i. *5l^ratO^T?ES-r^. f£ffl«8K 
K*fLT*-J-600 iV~ + 1,000 mV©M©&l66#Jl^>;* 
H U -jE&ZStS **. TenchffiJK«©^rjS6T?tt. 

^y^SrfT5fcftlC«2^CS-3T-250 mV 

T + 200 iV©Sfc ^•fb-rSfcAlCft^CSoT+l, 
600 mV©m&. ¥ffifc-r*fc«>l;:5#>ffl(;:3:oT+425 
mv©m&£2mx.. ^ne.©ttfi©3>T«easi*n^ji/ii 

[0 0 0 8] Tench tfJJK&f©^^ Tench ftfF©#& 

*±@*-jt©8fe#&t>fcs-r*«, ^*y*sf©ii« 

[0 0 0 9] Tench ^rUFtTench aiJ&$j©jl#£±[II-5 
akS^HttW* 4,917,774^{Cl.ffl$n5. £©891 

tint*, «a±©»»SH«i©si*«i»ifr*&© 

t. «&£^*&;it©fcV>-l$Mf*±;^ 
©^7^(c^"©IRSrt^ns„ Jr©-i$W0c.ittt, &JH 
* y * t h U v tf > ^ <h (/ xXfA tfffiffl 

ensr Biter* o. x«. w@K*#*<¥«ft© 
HK^f^wwfs. f?a£Httii«aaa*&ft£sn, 



(5) 4$K§¥5-8 0 0 2 8 

tt. &m*y*Wmt. aaxHJyK^aBi. a 

#w>* wjHMa*a?»tt&aaic*i'Tf?9 
ctt. &axhUye>yR»©iHfc:«ffiaft*a« 

[0 0 10] a«*y*»©iBafclMrr*&a©«* ' 
^8*©#fttta«tt"et>*D. IPS. flHRJHo^a . 

©«»ft^fft)ns*-c, *©ffla&#*»«is«>K« 

±T©ft'f*>*7c<!>aatt**a*T«. c©*£ 
\z, mmi>mm&& i e:Mix\-£ik&t£?>5ipp>. z\n\t 
MsaaiaafcHflWtt&n*. rne©^;^>^ h'J 

[0 0 11] *5SW©*ffitt, flaWD-tH" ^Uy^Jp* 

^u>^3Wt^jRjw©«a*t, aa«usv>**T*5* 
jo n&. *«^y^js+©:in6©»afl(!© 

[0 0 12] !l©J:5ajjE»©|t»«J(I5t*tt©ffiffltt 
4,132.605^. 313 fl. ^12~21frtt. ^y*JSt©« 

&5>fc©, atean«^*ftBa#]9«!R«an&«T« 

««B*»6HSSlHS-&6n-5fi!*©^;^>^ h>J-» 
*rtt. /y*»+©<SWHBiP«i©a*Wt-rs©K:a 
40 L&^Ttt&^ta^TViS. 
[0 0 13] 

[*M«»*ftUJ:'5i:-r<5WitiBift*«-r*fc»© 
-5. *«gH©#tfett, lHI©#ar3fciRlBa:W^U>^ 

*^n-fex©fl*©aa«c. «fKCM-rs-?-©*©x 
*^-w*©«fl:saa-r*. /»*ow. wmt 

U^'J >^«©J:5ft«#*«a»S««±C*SfcRC 

50 an*. *Mic3»-rajfciraM©a^Att. u^u>^i 
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9 

©•€-n«fcot>tt5*Mcsfi<. c ©*§£■# ©htws* ©a 
mzmzwsmt. >^©3?jp£n;tM£^j 

n. *©&-?, w)y{mwL&*mfetz>tzib\z. * 
<d%& e>©x*;i^-fflA©£{t©iij&#fB®3n3. 
fE&3n-5#JJSM&^ ftiR5"J2i&©RgTi&£<, X* 

7*?. z.<D^u±7.<Dmm.. io^©i(ppb) 

[0 0 14] «iTli$n5^tt, #ss?i!©# 

m<&m* v*tmmftt><D&m7. h o y zytfwmm 

1M ^JMcScK Tench CioTIS 

^Stlfc+M ^ 'J y y#)V?>* h'J-y^XMJy fcf > 
^SCcyclic vol tammetric stripping me thod) (CVS) 
IK 7<)y7 y^XsHJW^>^ h U s> V * V 'J •;/ tf 
>£^(cyclic pulse vol tammetric stripping method) 
(CPVS)©il2f,i:&&oT^£. 

[0015] Biitt, **wft*M-r*±Tr^rffla»B 
(i) tiammtt) t&mmmo) tzmwsMiKQ mz 

*ati*. mams, ea. at. sv^.fDA, 

ffiffi. ft & ft. *K3 9A. ttM* Wr> 

£<h3ftIig*#U Kel-F ->>J>^-©«SI5tl^KK 
©OttttSn*. J:0*#fttf[«tt, IlgtcEoTSSE 

s-r©-?, /hs^fig©n«**#tu^. <6©ss«i»^ 

a»*±t:sii-*&»tc, ^-^-(5) **, moy'y^ 
[ooi6] 3>tf^-^-(6) *t. ftmmmt&mm 

«&«»©&*£«. IBM n>tf^-^-(C<};oTSIffll 
SnfcPine ln&trwenti<D#y->l'3?7*9 y r-©«fc5& 

W©x*;i>*-A2) "y-T >x*ftsM6Wfifclii*.»*. 



(6) ft§§¥5-8 0 0 2 8 

*%w©gB©ffl^tt. ^wic«itLfcx^*-ai* 
tf^k-Aicfctt-sffilg rx*;i/*-A#j t rx*;v 

(X^jU^-A*) ©«», Xtt, ®ft (X 

Xil) <DW®*%.m-Z>. fetch, x*^*-ffl*©£ 
ft££ab&*<&X*;U*-AA*Wffl-r*flS©#8;fc 

^t-s*ft©«siart(*^*n-5 &©-?»£. 

[0 0 17] *^j£©£tT©^l-*3V^Ttt, 

ltbjeu s.ftmmmttm/mx$.* y^mzMtx 

Lifih. -yy-)V, ?QA. M«B. «S> 
ffi. iB> *H5^A. Rm4^©±5*<i©&«©« 

%.*y*®zfflffi-rz>tztb\z, *%wzmm-?z>z.ttf 

[0 0 18] *£H®mc#JSttAS»ttffittftJ(y 
*^ffi«*©fflf£S;Wr5. 

[0 0 19] 
fi-f^-> 2.5 -40.0 g/1 

BSSE 50-450 g/1 

20-100 mg/1 

* 1 U-v HVt^SST. 

50 [0 0 2 0] Z.to*y*mOt* 0SL<S1O~3O < C© 

[0 0 2 1] *56W©»*U^*ife»4. 

@JE^1.6V('^-r^S-r. &80ASF TSSilSTffftift 
•5. ^©^DIC. *«Ms*»10fMBKatjT1.6VTff 

4» [0 0 2 2] MS2©§*Pgte, 1 -100 ASF <D*y*rUS& 

ic*^tio~3oo ®m\zK-3xma.*y*®®m+vzn 

te*m<Z.£\Z£?T. ^©P5ffi±[Z^5 -500 T-f^ 

n-f>^©^}S^£^>y+-r-5c: 1 tTab5. ^©^iffi 

ttfcj:oTitieisa«!io*"Rofiat**i;a***&K: 
50 tt. c©a»»Maw«a:«r». 
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[0023] ^©^wapreB. ®<Dy->7)i<*, mm 

0 r-d&r a n«^©x**>fcs ftfc*Jte*fcfc 

B. -tO Ri *i7**-JPSXB7'J-;pa5-e**S S-R 

1 -S££*. #tifi£ 

HOs S- Rj -SH . iO 
HOs S- Rj -S-S-Ri - SOa H (fib, Ra = Ci ~ 
Ce ) , 

H0 3 S-Ar-S-S-Ar-SOj H (fib. Ar= 7jl~)VX 

wmw\z&m<Ditib\zig.fr?s.n?>tiz%:m<®nm 3,77 
0,5989. mm 4, 374, 709-9, n» 4,376,685-^, mm 

4,555,3159. mm 4,673,4699tH^anTt»«. 

[0024] JScrgxinanffsi^'J >>fM\t, -€-© r 
1 ^7;^;>sxB7'j-;i/ST**s n-Ri -ss-g- a? 

fFH 4,376,6859. IrIM 4,555,3159. mm 3,770,598 

9fcPB^anTV5^b-&«bt«fcoTM*an«. 

[0 0 2 5] S*ffTB4^©*3fc,'±E , rSSnfc. 
JfMMfea-fctllAT, HLOfSH^H^am^ Y U *-© " 

[0026] yffii&Nfoiiqtt. «sc«ttttAiA.&n • 

■f. n&ttKtt. »*B5#~20»H©IBHl'i©»nfc 
lot. XB, ¥*fc««aoO«5»Efca:* (BUS. ®&© 50 

m 2 b. 3HRa^aiw«v»»&(io) h9tRM6mifi&> 

«-&(ll)©ffi3ffc::3HT©, mfflzM?Z>m&3tto&m 

a. eso.156 -r >?-©n«*ffiffl-r5WwB; 
^tt»*Banooii ©rarc-Hnsss. coiHWba 

fg©&7B#t;:. 3ttiR^ft««ttOfiiK«lc«aicnff 

[0 0 2 7] -effl^©a»t?B, fl!*?***, 0.001 s> 
~60S>CStjTl ~100 ASF ©*8S$£T* s/*T5 E 

■±c*fwr*. cns©'f*>tt. *i»Kd*n«u 

tt**tt. *JW««*Kfi*««tJW-6n«. H3K. 
**&J^©3^ffl*£trt»»«©*&©. 0.001 ~ 
3 S>©B?fra©iy]©SI»i^-y+®(4©MfiS*-r. *12~ 
16B. «&0 . 5 , 10. 20. 30ppb ©3t«BW©ft-*fc» 50 



tSBB¥5-8 0 0 2 8 

f. 

[0 0 2 8] 

m i 



S (ppb ) 


m& <»V) 


0 


-3 7 8 


5 


-3 4 5 


1 0 


-3 10 


2 0 


-2 6 0 


3 0 


- 2 2 0 



[0 0 2 9] ±aB5r-**>6a*6«fc3fc. ##&©!& 
SB 1 ppb S«*T©«jlW«W©SBt*iir«lfcf*. 

[0030] ■e©5*:©a»-csi^an.5'<*«ffi-^M 
ftbff*. *Ra©«a«**f?a»T«$anfc«K. 

#^©ftWW&*+©a^©*l6«fc J: 0-HiS 
cK«fc5fc. jiftJ©3l£iR9JS-9->^l/CJBA«Ci:*^ 
H©J:3K-rntf. rjtjRJBj » ri/^cu> 
^Jj ©JfcJpB, W^U>^JW©»l«tJ:DiE*KS 

[0 0 3 1] ^y*^P-feX*tiK<tCOtlT, «&©£ 
50»~lO^©«ffl©^raKS-3Tl -100 ASF TfcoT 

H4B, *Ra«»90ppb fc-j£Kit8an«i9 
©, •4&mMME©l<"<U >yjBlcr>v»T©l«BCJ6 
bfcSffi£4t©#t3!«&ft»£jSl". Eft&.©*©*)B 
B. ?§+© rjtjRSjj * ru^ij>^jj ©jfc*c«5 

^•j >^j©«&si3£-r«fc»cffifflan4. «i7~2o 

B, 0 , 50. 100 , lSOppbCST^Stl-SU-^'J 

>#mz*ii&?z>. 

[0 0 3 2] *«99©»J©*JS«TB. BS/W-XSf* 

iD-r*aa©sPt*¥«{bsi:i»©wxH:*ffl«i!:««b 

#•5. C©»«/VI/XB, 0.001 g>~10^©«Sffi©^fK 
ICSot + 0.01~ + 1.6 V •Cfitotl*. rOBff/W:* 

spg*w«ftaB©m^ffifflan5Rf^B, £©8§®/i 

■«/t^XRIt«»¥«fl:ftl»©«C«ffl«ft»l«Ktt. 
«&(C«i:S3feiR?ii]©©)R©<SjiS:*i*a-a-. -ttlfcio 

Tsa^is^a-a-s. c©^;^aB*ffiffl"f5*J^ 

B. *-»Jffl3ilc*»o«fcD^a©3tJRS!l*KiRa-e-4Ci 

c**. RjR©«ji©fc»K«fflan*«tttt. 
aiii©iBfc^ffl«itbT«fflan*«*a*ii©3*fe 
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13 

©KiKSJtU5Ufc«-&©Mss^-r. c©&£©*s©« 

a&©¥«§rt:«&B~+650 nVTftO. &©¥ffi 
fbS&B- — 20 mV T&-5. £©¥®ft;mfi):©3l#. ffi 

BT&-5. 

[0033] *%w<o±x ommmrnt, &MRS©g 

t£*ftffi©*i££±®S3H^n&$«£fc;fc 
[0 0 34] 

[*J60iJ] WT©^0m#SW©7;££0i|*-f£t>© 

Tfesa*. £ns©f£&&WB#?8W£fiBjrr5t>©TB 

[0 0 3 5] glMggl 



14 



fflLT#?PJ©7i&C^Tffr&U;fc. 
[0 0 3 6] 

m-c*> 7.5 g 

SSK 300.0 g 

WctiS-ity 50.0 ppm 

*r«§sjn3J emm. 

* 1 y? wi^^sst. 

[0 0 3 7] II©?§£22 < C©ffl*T&;BU7t. 

WSSsflnSflB. ±fE©.£3fc&-Sa;*-.y*?§4>TjftI!W 

M&ftftttt. ±B©J:5fc3fejFSMK:HUTttS- Ri -SS 
KU >#fBfcHLTBN- Rx C-S S£^tf£ 
V^S«PS^fc-r-)ISS;* : i-r?)> Shipley Companyln 

[0 0 3 8] 06B. JMWI*»©M©l*BHHfce**-r 
•5*ft^t£^-r. 0, 5 , 10, 20. 30ppb ©3£iR3!l£ 
StT5:3©*«B*«*flIfliU cnS©*tttt#*. 
823~27lC*ffS-f-&. ' 

[0039] 07©«-&t;;B, sugfcteffl+roSJ©*© 

Bt*tt-W^7Syny hb, cn^©«l©43E 

* 3 0©«PS*«fc»LTPMWtt* ifcCfcoT, 
WJfcUfc. m 1 OflPWSftKttSO PPb©3t^?iJ/0 ppb 
OI/^U>y3B*#*(28). f^<Z>tt9ft*tt»30 ppb 
©3£iRflJ/30 ppb©l^>J>^J£-&*(29). &3©& 
*P?SSfattt30 ppb©ftiR#J/60 wb<DU^)>{fMiii 
A/ Wit (30). 4W8+©S<81)©»£©»©4JBtt. 30 
/30 <h30/60 V>2-30ffl$®®WLOWO rftjRSIj *f 

[0 040] $mm2 



[0 04 1] 



7.5 g 
300.0 g 
fflt®>-1*> 50.0 ppm 

* 1 Uy KH'ifc.&ST. 

[0 0 4 2] CO»*22t:oa«-C«fflU&. ffifflbfc 

10 2 TB. 2 0©gftofc3ftR#J(Bl , B2) £, ±E©W 

ffi-UlfflfflS (08) (C^^n5<fc3lC. W*iJ>#ffl 
©SB90 ppbT-£T&D. Bl(32)tB2(33)©W*KH 
i"53tiRJW©Stt90l>Pb T£t>fc. dffl2^©S?5;ofc 
SB. ±E©frtBS*»JIHR3«+C^*nT«f»*IB0, * 

ffl oJigT&S £ t fc^LT^S. 
[0 0 4 3] ^SBM3 



20 m&-mM!fyy%* xsomLzmtzmty*®*:®. 

[0 044] 
«K*> 7.5 g 

mm 300.0 g 

WM-i^y 50.0 ppm 
[0 04 5] ^©?S$22 < C©tag-CffifflLfc. ffiffltfc 

jo cffifflsn«*«*inS!i©v^n^-c**. cosasw 

3TB. 2-3©Sft-3*:WJ>^(Ll . L2) 4, ± 
E©«flB£BfH£fto;fcR-©ftiRffl££tray*©tf> 

^jufTffifflLfc. &R;*y*iW®Wfce*sft&* 
&-KKft«S (0 9) ic^^nsi^ir. JISJOWoMtt 

90 ppbT-J£T*D. Ll(34)iL2(35)©M^©«^©)t 
iR#J©MB90ppb T&ofc. rdTfclSl^lC, ±tE©^ 



40 [Bras©fam&8ttW] 

[01] *J^©fc8&©2fSs«*irr*&«>©gfi** 
f«WftKiBI0T<&£. 

[02] ¥«^sPS$^-r»i4-^ra^7 7T$.s. 

[0 3] «*fcg*^£ffifflU&&JS;*v*K:|SBl::BI 

[04] Htt©«£© 4 ^©&¥&fcCH-f 

[0 5] e&flMBfcffitfiWtUBmffiofflw^ffift&rog 

50 [0 6] Kttoa&OS^agWMftH^TS?^ 
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15 

m-mmtfyycsbz. 

[07] *R0Bi3:?®H»©««©WPS*K::H» 

[0 8] -«ft©i/^ij>^Bt2'30fta:o&*«a 
[09] -n.^<j>mmt2'D<7>$kfi^rz.v^iytm 



25 



1 f^ffl«a 

2 mm® 

3 #s@mti 

4 

5 

6 3>tfa-^- 

7 #f->*/*X9yh 



[01] 



[02] 



+60 




Time (sec) 
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[05] [H6] 



i 




Tide (see) 

Tlm« (a«c) 

rrctffis 'a 

FIGURE 7 
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*SH!¥5-8 0 0 2 8 



w -4 OS" 




02181, DIWW, 
h -59 



01701, 77$>iJ2*. M>XD7^' 
XhU-h-69 
<72)5BW# rf- H> ■ 7-f ys^r- 

01776, *F/tu— , y^wyh-p- 

H • 137 
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